This work aimed to analyze possible differences in growth patterns on Eucalyptus species and to identify the determinants climatic variables on the growth. We evaluated six Eucalyptus species (Eucalyptus camaldulensis, Eucalyptus grandis, Eucalyptus urophylla, Eucalyptus saligna, Corymbia citriodora and Eucalyptus globulus) and a Clone (GG100) implanted in an experimental arrangement of randomized blocks. We collected the collar diameter and height of all plants monthly in the course of a year, in addition to climate data (minimum temperature, maximum and rainfall). Sequentially, we obtained the correlations between the current monthly increments (collar diameter and height) and climatic variables (minimum temperature, maximum and rainfall). The Current Monthly Increment of the Collar diameter (CMI D) was not correlated to the climatic variables evaluated and the Current Monthly Increment of the Height (CMI H) was strongly correlated to the minimum temperature for the species E. camaldulensis, C. citriodora, E. saligna, E. urophylla, E. grandis and the GG100 Clone. The Rainfall showed positive correlations regarding the CMI H only for the Clone (GG100) and E. urophylla. Finally, the species E. camaldulensis, E. urophylla, E. grandis, E. saligna presented a mortality rate under 10% which is recommended according to the silvicultural criteria.
INTRODUCTION
Eucalypts originate in Australia, Indonesia, and New Guinea. Eucalyptus spp. were introduced to Brazil in the nineteenth century. The first eucalypts may have been planted in the Botanical Gardens of Rio de Janeiro in 1825 as ornamentals and wind breaks (PEREIRA et al., 2000) .
As of 2013, 7.60 million ha were used for agriculture in Brazil. The forestry sector contributed $56 billion to the gross national product (GNP) of Brazil. This value represents 1.2% of the total national income and 24% of the GNP derived from the agricultural sector. As of 2013, every hectare of trees planted in Brazil added $7.4 million annually to the GNP. By comparison, soybean, an important crop, added $4.8 million/y/ha and cattle raising contributed $2.5 million/y. Eucalyptus plantations constitute approximately 70% of the total forestry GNP (IBÁ, 2014) .
Eucalyptus is the most commonly planted tree in the tropics (EPRON et al., 2013) because of its rapid growth, productivity, adaptability, diversity, and wide range of uses. In Brazil, the total area planted with Eucalyptus is 5.1 million ha. The states of Minas Gerais, São Paulo, Bahia, Mato Grosso do Sul, Rio Grande do Sul, Espirito Santo, and Paraná have 83.6% of the eucalyptus plantations (ANUÁRIO ESTATÍSTICO DA ABRAF, 2013).
The Cerrado is the second largest biome in Brazil. The largest is the Amazon Forest. The Cerrado is found in the states of Goias, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Tocantins, Bahia, Maranhao, Piaui, Rondonia, Paraná, São Paulo, Distrito Federal, and in parts of Amapa, Roraima, and Amazonas. It is characterized by nutrient-poor soil and seasonal water deficits (MINISTÉRIO DO MEIO AMBIENTE, 2015) .
The climate of Chapadão do Sul is mainly seasonal tropical with dry winters. The annual average temperature range is 22-23 ºC. The maximum temperature is > 40 °C throughout the year. The minimum temperatures vary frequently and descend to ≤ 0 °C in May, June, and July. The average rainfall ranges from 1200-1800 mm during the wet season (October to March). Short drought periods known as "Indian summers" may occur in the middle of the wet season and are problematic for agriculture. Between May to September, monthly rainfall decreases significantly and may decline to zero. The relative humidity falls to 15% (MARCUZZO et al., 2012) .
There is little information concerning eucalyptus adaptation to the Cerrado environment. The eucalyptus species introduced in Brazil have high genetic variability and are amenable to genetic improvement programs (FONSECA et al., 2010) . Advances have been made in terms of species characterization, cultivation methods, product quality, propagation, hybridization, and cloning. It is now possible to generate hybrids in both the greenhouse and the field via floral induction on grafted genitors (ROCHA et al., 2007) . Although more than seven hundred Eucalyptus species have been identified, only a few with particular traits and target uses are being raised on the plantations. Among these are Corymbia citriodora (formerly, Eucalyptus citriodora), E. grandis, E. saligna, E. urophylla, E. camaldulensis, and E. globulus. Species selection is the first step in reforestation and is determined by the end use of the trees (wood, coal, cellulose) and the edaphoclimatic (soil and climate) conditions of the region. It is necessary to investigate how different genotypes derived from seed or vegetative propagation adapt to various environments (ALCANTRA et al., 2015) . Therefore, an objective of this study was to determine empirically the conditions required to optimize new eucalyptus plantations in this region. Although several eucalyptus species have not yet been assessed, some of them could nonetheless be productive in the Brazilian Cerrado. Another goal was to identify seasonal differences in the growth patterns and adaptability of eucalyptus and the climatic conditions that determine tree growth.
MATERIAL AND METHODS
The experiment began in January 2014 in the experimental area of the University of Mato Grosso do Sul, Chapadão do Sul Campus, located in the town of Chapadão do Sul. The altitude is 820 m. The soil is classified as a red latosol (average texture). According to the Köppen classification system (1936) , the climate is tropical humid (Aw) with a wet season from October to April and a dry season between May and September. The average rainfall ranges from 750-1,800 mm/y, and the annual average temperature ranges from 20-25 ºC.
Measurements started in August 2014, seven months after the installation of the experiment. All specimens passed the seedling, development, and hardening stages over a four-month period in a nursery/greenhouse. Six eucalyptus species were used: Eucalyptus camaldulensis, E. grandis, E. urophylla, E. saligna, Corymbia citriodora, E. globulus, and a clone designated GG100, which is a hybrid of E. urophylla obtained by vegetative propagation. A randomized block design was used with four replicates. There were 3-m gaps between rows and 2-m intervals between plants. Each plot consisted of four rows of seven trees each, for a total of 28 trees per plot.
We collected both dendrometric and climatic data. The dendrometric data included the collar diameter (sD) and the plant height (Ht). Measurements were made on all trees in each plot on the fifteenth day of every month between August 2014 and July 2015 inclusive. A digital caliper with millimeter precision (ZaaS Precision, Brazil) was used to measure stem diameters. Readings were then converted to centimeters. Plant heights in meters were obtained using a 15-m telescopic ruler. All climate data were collected daily. A max-min thermometer was installed in a white shelter and used for temperature measurements, and rainfall was measured using a pluviometer installed near the experimental site.
All fertilization requirements were determined from chemical analyses of the soil. The following results were obtained: pH (CaCl2), 4.9; organic matter, 31.5 g dm -3 ; phosphorus, 13.6 mg dm ; and percentage saturation per base (V), 39,9. The proportions of clay, sand, and silt were 46%, 46%, and 8%, respectively. Crowning, hoeing, ant control and herbicide (glyphosate) application were performed when necessary.
The data was tabulated in Microsoft Excel. ANOVA was performed to identify any significant differences in the average increases in collar diameter and plant height during the evaluation period. ANOVA and Tukey's test were run to determine survival rates in the final month (July 2015). Pearson correlation coefficients (r) were calculated to verify the influence of temperature and rainfall on the increases in collar diameter and plant height. They can also be evaluated qualitatively on the basis of intensity according to the criteria proposed by CallegariJacques (2003) . All statistical analyses were performed with the Genes Computer Software (CRUZ, 2006) . Linear correlations were rated as follows: --0.00 < r < 0.30: weak; --0.30 ≤ r < 0.60: moderate; --0.60 ≤ r < 0.90: strong; --0.90 ≤ r < 1.00: very strong.
RESULTS AND DISCUSSION

Monthly Growth of the Eucalyptus species/clone
Average collar diameters and plant heights were determined from the data collected over a twelve-month period ( Table 1) . As of August 2014 (dry season), E. urophylla, E. camaldulensis, E grandis, and E. saligna had the largest average collar diameters. The clone (GG100), E. globulus, and C. Citriodora had the smallest average collar diameters.
As of January 2015 (wet season), E. urophylla, E. camaldulensis, E. grandis, and E. saligna had the highest collar diameter increase rates. Therefore, there was no significant difference in the data between the two seasons. In the wet season, C. citriodora, E. globulus, and GG100 had the largest collar diameters.
In July 2015, one year after the first evaluation, E. urophylla, GG100, E. grandis, E. camaldulensis, and E. saligna had the largest collar diameters. E. globulus and C. citriodora had the smallest average collar diameters. Therefore, there were no significant changes in collar diameter among the species evaluated during the period August 2014 (dry season)--January 2015 (wet season)--July 2015 (dry season). Only GG100 had significantly increased in average collar diameter by the last evaluation (July 2015). As for the growth averages of plant height (Table 1) , it is observed that on August of 2014 (Dry season), the species/clone that obtained the best averages were E. camaldulensis, E. urophylla and E. grandis. In other hand, the Clone (GG100) obtained the lower rate for height of the plants, not differing from the E. globulus. On January of 2015 (six months after the first evaluation -Wet season), the higher rates for plant height were for the E. camaldulensis, E. urophylla, E. grandis, Clone (GG100), E. saligna and C. citriodora species, highlighting the Clone (GG100) that presented a quick growth, as expected. The best averages for the plant height were verified for E. globulus and C. citriodora.
In July 2015, E. grandis, E. saligna, GG100, E. urophylla, and E. camaldulensis had the highest average plant heights, and E. globulus, C. Citriodora, and E. camaldulensis had the lowest (Table 1) . Quiqui et al. (2001) evaluated twelve Eucalyptus species in Paraná (Brazil) over a one-year period. E. grandis had the largest diameter, height, and volume, and Corymbia citriodora had the lowest collar diameter growth rate. Silva et al. (1992) studied five Eucalyptus species in Lassance (Minas Gerais, Brazil) and found that E. camaldulensis had the greatest height increase rate. Azevedo et al., (2015) reported that E. calmaldulensis adapted well to the Cerrado soils in the state of Mato Grosso.
According to the collar diameter and plant height data, after twelve months, the best-adapted species were E. urophylla, E. camaldulensis, E. grandis, E. saligna, and GG100.
Current Monthly Increment (CMI) for collar diameter and plant height
The current monthly increment (CMI) is a measure of the monthly growth rate of the tree species. It indicates their responses to the climatic and edaphic conditions of their environment. The average CMI was calculated for the collar diameter and the plant height ( Figures 1A and 1B) . Figure 1A represents the current monthly increments for collar diameter (CMI D) over twelve months. Maximum increases in collar diameter growth were observed in December 2014 and January 2015. In both April and May 2015, CMI D decreased then increased once again in June and July 2015. Machado et al., (2014) studied juvenile Pinus taeda and Araucaria angustifolia and found that for both species, growth rates decreased with temperature and were lowest in the coldest months.
Collar diameter and plant height increase rates vary between seasons and are inversely proportional to each other. According to Charrier et al. (2015) , plant height is more affected by climate than collar diameter. The apical meristems are more exposed to the environment than the lateral meristems, and the latter are protected by relatively thick layers of bark.
Survival Rate
To determine how well the species adapted to the environment, their survival rates were determined at the end of the twelve-month evaluation period. Table 2 shows that according to Tukey's test, E. camaldulensis, E. urophylla, E. grandis, E. saligna, and GG100 did not differ statistically in terms of survival rate. Nevertheless, E. camaldulensis, E. urophylla, and E. grandis (mortality rates < 5%) and E. saligna (mortality rate < 9%) were adequately adapted to the environment. Queiroz et al. (2007) reported survival rates of 98.43%, 96.9%, and 96.6% for E. grandis, E. camaldulensis, and the hybrid E. grandis x E. urophylla, respectively, two months after transplantation. Matos et al. (2012) indicated low mortality rates for juvenile E. calmaldulensis and E. grandis in northeastern Pará, Brazil.
According to Silva and Angeli (2006) , mortality rates < 10% are preferable for silviculture. Mortality rates > 10% result in lost productivity and call for reforestation techniques if detected within thirty days. Clone GG100 presented mortality rates > 16%, so it was moderately adapted to the environment. Neither C. citriodora nor E. globulus adapted to the environment. Table 2 . Average eucalyptus survival rates (%) at the end of twelve months evaluation in Chapadão do Sul, Mato Grosso do Sul, Brazil.
* Averages followed by the same letter do not significantly differ at the 5% probability level according to Tukey's test. There were collar diameter growth rate maxima for all species in December 2014 and January 2015, possibly due to high soil moisture levels. Rainfall was elevated in the preceding months (November 2014 and December 2014) , and the average minimum temperatures were relatively high in January 2015. Therefore, both rainfall and temperature may be positively correlated with collar diameter.
Relation between the Current Monthly Increments (CMI) and the climatic variables
The collar diameter growth peaks in December and January are associated with high precipitation levels and minimal average temperature increases (DREW et al., 2009 ). The collar diameter growth rate is highly temperatureregulated (DREW et al., 2008 , SETTE JR et al., 2010 . In the present study, it was observed that the number of photosynthesis was higher than that of the other species.
In March and April 2015, CMI D decreased significantly, but CMI H reached their maxima (Fig.  2) . Therefore, collar diameter growth rates increased before those of plant height. Lower collar diameter increments were noted during plant height growth peaks for E. camaldulensis, GG100, E. saligna, E. urophylla, and E. grandis. Conversely, plant height growth rates were not necessarily at their lowest when collar diameter increments were at a maximum (Figure 2) .
After the onset of the dry season/winter in May 2015, the collar diameter increments increased and the plant height increments decreased. Apparently, the reductions in rainfall and temperature negatively influenced plant growth. In this study, the correlations between the climatic variables and the growth rate changes (CMI D and CMI H) were estimated.
The current monthly increment of the collar diameter (CMI D) was only weakly correlated with the four climatic variables (not significant) ( The current monthly increments for plant height (CMI H) had strong positive correlations with the minimum temperature for E. camaldulensis (0.65), C. citriodora (0.76), E. saligna (0.60), E. urophylla (0.67), E. grandis (0.70), and GG100 (0.80) ( Table 3) . Only E. globulus was not significantly influenced by the minimum temperature. Bamberg (2014) obtained similar results for Acacia mearnsii, Mimosa scabrella, Eucalyptus grandis, and Ateleia glazioveana. For these forestry species, minimum temperature was strongly correlated with annual collar diameter growth, diameter at chest height (DCH), and plant height. Therefore, climatic variables influence plant development.
The CMI H for GG100 and E. grandis was positively and significantly correlated with the average temperature. Rainfall had strong positive correlations with the CMI H only for GG100 (0.65) and E. urophylla (0.62). For E. urograndis, Ferreira (2009) obtained the strongest linear correlation estimates between the annual growth rate increases and monthly rainfall, hydric deficit and hydric excess (Table 3) .
A positive correlation (0.66) was obtained between the CMI D and the CMI H for C. citriodora. Therefore, height increase follows diametric growth in this species (Table 3) . The interactions between climate variables and meristematic growth rates in forest species are complex (SETTE JÚNIOR et al., 2016) . The correlations between these variables must be examined at the level of the individual tree in order to understand them properly.
This research is important because the information derived from it could be useful for cellulose processors and eucalyptus growers in the state of Mato Grosso do Sul, where much of this crop is produced (ANUÁRIO ESTATÍSTICO DA ABRAF, 2013). Therefore, the present study and others like it may guide forestry producers in their tree species selection.
CONCLUSIONS
The species/clone presented, initially, a greater growth in collar diameter, then, in plant height.
The reduction of the rain and temperatures influences negatively the plant height.
The Current Monthly Increment for Collar diameter (CMI D) did not correlate significantly to the climatic variables evaluated.
The Current Monthly Increment for Plant Height (CMI H) is strongly correlated to the minimum temperature for the following species E. camaldulensis, C. citriodora, E. saligna, E. urophylla, E. grandis and Clone (GG100).
Rainfall had a strong positive correlation with the CMI H for GG100 and E. urophylla.
The species best adapted to the geographical region of the study (during its initial phases) were E. urophylla, E. camaldulensis, E. grandis, and E. saligna. All of them presented mortality rates < 10%.
